Summary

The optimum amount and size of basalt particles for the filling of polyethylene was established. Study of the physicochemical and mechanical properties of the developed polymer composites indicates the effectiveness of using basalt for the filling of polyethylene, which makes it possible to expand the areas of application of the given filler for the creation of polymer composites of a wide designation.
The current development of the economy requires the creation of a wide range of thermoplastic materials, as the limited number of types of large-tonnage polymer cannot meet the various requirements laid down by users for different areas of application. By modifying the large-tonnage polymers, and by improving processes of their production, the quality of the feedstock, and the methods for combining the components, it is possible to achieve a considerable improvement in the quality of the polymers themselves and in the properties of composites based on them, which enables the range and areas of their application to be broadened.
At this time, in terms of increasing the promise and competiveness of composite materials on the domestic and international polymer product market, there is great potential for improving the properties of polymer composites by using effective and cheap fillers, including, of course, the mineral filler basalt and fibres based on it.
Basalt is the most widespread natural rock, of volcanic origin, which can be found in the form of interlayer bodies or lava flows produced by eruptions. The chemical and phase compositions of basalt are presented in Tables 1 and 2 [1] . Translated by P. Curtis practically inexhaustible [2] . Thus, basalt fields are widespread in the Kuril Islands, in Kamchatka, in the Krasnodar, Maritime, and Khabarovsk territories, in Karelia, and in the Amursk and Birobidzhan regions [3] [4] [5] [6] [7] [8] [9] , and practically everywhere in the CIS -in Kirgizia, Armenia, Uzbekistan, Georgia, and Ukraine [10] [11] [12] [13] [14] . Fairly promising in Russia are the basalt fields in Karelia (Golodai Gora), in Bashkortostan (Uchalinsk), in the Plesetsk region of Arkhangelsk (Myandukha), and in the Orenburg region (Krutorozhino), as industry is well developed in these regions.
The given volcanic rock possesses high strength and high density, and also high chemical properties, fire resistance, durability, and acoustic and thermal insulation properties [15, 16] .
Therefore, study of the possibility and effectiveness of using basalt as filler for the large-tonnage polymer polyethylene is an urgent task.
The preparation of basalt consisted in its ≤140 µm comminution and fractionation. The investigated filler possesses a considerable particle size distribution.
As shown by optical microscopy, basalt is characterised by particles of both irregular and fibrous shape, and agglomeration of particles is also observed, which is due to the high activity of their surface (Figure 1 ).
According to particle size distribution data, the investigated filler is polydisperse (Figure 2) . The predominant fraction (~35%) comprises particles of ≤140 µm diameter.
To produce a composite material based on low-and high-density polyethylene (LDPE and HDPE), use was made of basalt filler with a particle size of ≤140 µm, varying its content from 30 to 50 parts. An assessment of the rheological properties of the filled composites showed that, with increase in the basalt content, the flow of the composites decreases by comparison with an unfilled system ( Table 3) , but the obtained composites can be processed by injection moulding. Investigation of the physicomechanical properties showed that, when 40 parts basalt is introduced, there is a 1.5-2-fold increase in impact strength, and increase in the content to 50 parts filler both in LDPE and in HDPE ensures retention of the properties of the polyethylene ( Table 4) .
Study of the physicomechanical properties of composites containing basalt particles of ≤125 and ≤315 µm size showed that practically all the examined indices deteriorate by comparison with polymer composites based on PE and basalt with a particle size of ≤140 µm, and therefore the introduction of basalt with a particle size of ≤140 µm is most expedient.
The given results are confirmed by a full factorial experiment and by the gradient method of optimisation of composition.
The materials developed were investigated for ignitability by the oxygen index method. When 40 parts basalt is introduced into HDPE and LDPE, the oxygen index increases from 19 to 25 and 24 vol% respectively. The basalt content shortens the time of independent combustion more than twofold by comparison with unfilled PE (Table 5) , and the weight losses on ignition in air also decrease. All the flammability indices improve with increase in the content of basalt, which is a nonflammable material.
Thus, the effectiveness and expediency have been shown of using comminuted basalt for the filling of polyethylene, without processing it into fibres. Increase in the physicochemical and mechanical properties of basalt-filled composites was established, which makes it possible to expand the areas of application of basalt for the creation of a polymer composite with a wide range of application. The effect of basalt on the flammability indices of a polymer matrix composite based on polyethylene has been clarified: there is an increase in the oxygen index, a reduction in the time of independent combustion, and a reduction in weight loss on ignition in air. 
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